That reticular stimulation facilitates the passage of afferent volleyes elicited by stimulation of the optic tract (OT) through the lateral geniculate (LGD) synapses is a finding common to several workers. 6, 11, 12, 27, 29, 33) This was evidenced by the following facts: (1) The postsynaptic component of the submaximal evoked response in the LGD to stimulation of the OT was augmented in amplitude for 50-1000 msec after a single stimulus had been applied to the reticular forma tion (RF) of the brain stem.29,33) (2) The response probability of single optic radiation units to liminal stimuli applied to the OT was improved by reticular stimulation33 ). However, the physiological significance of such phencmena as mentioned above can not be evaluated until the same results will be obtained with natural stimuli. As to the effect of reticular stimulation upon the photically evoked potential in the LGD, results of different authors6 16,19, 32) have been in consistent. Hernandez-Peen and co-workers") observed a depression of the photically evoked OT and LGD responses during attentive behavior elicited by reticular stimulation in cats, and they claimed the existence of centrifugal inhibitory influence upon the retina during attention. Bremer and Stoupel6) also reported a suppression of the photically evoked potentials in the LGD and visual cortex during reticular stimulation. On the other hand, Steriade and Demetres U32) demonstrated an augmentation of the evoked LGD responses to flickering lights of 1 per sec during iterative stimulation of the RF. In disagreement with results of other investigations Fuster and Docter18) reported that reticular conditioning caused no significant change in the LGD responses to photic stimuli.
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According to the behavioral study of Fuste.r ,14) tachistoscopic perception is facilitated by reticular stimulation in the monkey . This leads to the notion that reticular activation facilitates a neural process concerning perception . Thus, the criteria described above responded with a single spike discharge to a stimulus of intensity several times the threshold delivered to the optic radiation . They were classified into two groups on the basis of latency. Latency of most units was 0.25-0.3 msec and the fluctuation of latency was far less than 0.1 msec for a given unit (Fig. 1B) . Such a short and fixed latency allows exclusion of the existence of synapses between stimulating and recording electrode positions and leads to a conclusion that the units in question are actually radiation units.
Refractory periods of such units ranged from 0.85 to 1.30 msec, depending upon the individual unit (Fig. 1B) . A few units responded with latencies as long as 1 .3 msec and their latencies varied in the order of 0.5 msec. But they followed identical paired stimuli up to an interval of 0.6 msec, as was the case in the experiment by Widen and Ajmone Marsan.88) These could also be optic radiation units. To stimulation of the OT, radiation units responded with a single spike with latency of the order of 1-2.3 msec and showed refractory periods rang ing from 0.75 to 1.45 msec (Fig. IA) . The order of refractoriness obtained with these units is comparable to that obtained in the similar experiments by Griisser-Cornehls and Griisser.18 Coding pattern of optic radiation units and gross electrical activity of visual cortex
The optic radiation units identified in the present experiment showed background activity, firing spontaneously in the dark. As previous workers3,23) have observed, the firing rate of these units changed appreciably depending upon the animal's waking state. In a non-alerted or relaxed state (characterized by the relatively high amplitude EEG of 7-9 c/s), optic radiation units discharged spikes at a mean frequency of 10-20/sec irrespective of the response type of the unit (Fig. 2A) . When the EEG showed a low voltage and fast pattern (18-21 cps) by olfactory or auditory stimuli, the mean discharge rate was raised. A similar increase in the mean discharge frequency in the dark-adapted state occurred even more markedly when an alerted state was elicited by reticular stimulation (Fig. 2B) . With high intensity stimulation of the RF, however, there appeared 3-4 c/s, high voltage activity in the visual cortex, and a decreas in the mean discharge frequency of the radiation unit occurred in association with Fig. 4 . Effect of alerting stimuli on single "on" optic radiation unit. Other conditions are the same as in Fig. 3 Coding patterns of optic tract units and gross electrical activity of visual cortex Tungsten microelectrodes were inserted through the LGD to record from optic tract units (at F 725)). Single units in the LGD behaved similarly to those of the optic radiation described above. With further advancement of the electrode units were encountered which were clearly different from the LGD units. Such units discharged axon spikes spontaneously at a mean frequency of 20-30/ see, and were classified into "on" and "off" units in the dark-adapted state. The highest frequency of "on" or "off" discharges to illumination attained up to 80/sec. Thus, the units in question were identified as optic tract units (see Suzuki et al .34) ).
In contrast to radiation units, neither "on" nor "off" optic tract units showed any significant change in either response or background discharge as the EEG was altered from a non-alerted to alerted pattern by reticular activation (Fig. 5 ).
For the "on" unit shown in Fig. 5 for example, the mean number of response impulses was 29.1 in the non-alerted state and 27.8 in the alerted state; the % S.D. was 6.2 and 7.9 under the two conditions ; the alerted state was induced by reticular stimulation. Such differences found between the non-alerted and alerted states are statistically insignificant. Similar results were also obtained with "off" optic tract units. Thus, the present result is in disagreement with that of Granit.17) In his experiment, reticular stimulation caused post-tetanic accelera tion or inhibition of the discharge frequency of the retinal ganglion cells. It is to be noted that the S.D. of the number of response impulses in optic tract units is far less than that in optic radiation units . Only when the animal was so deeply anesthetized that the EEG became flat or showed sporadic high voltage waves , did the background discharge of the "on" optic tract unit show nearly complete suppressic n; "on" discharges alone survived anesthesia (Fig. 6) . In contrast to the "on" optic tract units no remarkable effect of anesthesia could be observed on the "off" units before , during and after illumination (Fig. 7) .
Thus, it may be concluded that the improvement of response stability observed in the optic radiation unit under reticular activation is mediated mainly by a process acting on the LGD synapses . This conclusion is consistent with the view of Suzuki and Taira. 33) Gross electrical activities of lateral geniculate body avd visual cortex
From the experiments described above it was revealed that the responsiveness of the optic radiation unit to illumination was stabilized in the alerted state , and that accompanying this there was no definite increase in the number of response Cortical neurons responsive to visual stimuli were distinguished from optic radiation units mainly by the following criteria : (1) Spikes usually had a positive-negative biphasic configuration and showed an inflection in the rising phase. (2) The frequency of the background discharge was quite low, rarely exceeding 10/sec. (3) The response of such a unit was usually brisk. (4) The size of the receptive field was generally smaller for cortical neurons than for LGD units.
Such units responded with a latency longer than 2 msec to supramaximal electrical stimuli delivered just above the LGD (F 7.5, L 9.5, H 4.525)) and usually N. laira and J. Okuda showed tendency to fire repetitively. The first spike of the response discharge showed a fluctuation in latency in the order of 0.5 msec or more , as Widen and Ajmone Marsan36) have reported. To identical paired stimuli delivered in the optic radiation such units showed a complicated recovery cycle . Thus, these units could be clearly distinguished from optic radiation units.
In the non-alerted state the response of cortical neurons was generally irregular both in type of response pattern and in latency (Fig. 9A) . In the alerted state caused by auditory stimuli both the regularity and the spike number of response were increased (Fig. 9B) . Stimulation of the RF was even more Otherwise as in Fig. 3 .
e ffective in stabilizing the response (Fig. 9C) , and this kind of stimulation was also found most effective for eliciting an activated EEG pattern (compare the superimposed trace in C with those in A and B). It is to be noted that unlike the optic radiation units such improvement in responsiveness of the cortical neurons due to alerting stimuli was achieved without accompanying any increase in the background discharge. In some cases the background discharge was even decreased following reticular stimulation again in contrast to the behavior of the optic radiation units. A similar reduction of the spontaneous discharge rate in the aroused state was also reported by Saito et al .30 ) and by Hubel.22) In one case the opposite effect of reticular stimulation was observed, that is inhibition rather than the usual facilitation.
In this connection, it may be interesting how under reticular activation the evoked mass response in the visual cortex behaves. Since the recording electrode for gross electrical activity was fixed at one point on the lateral gyrus throughout the experiment, the stimulus spot positioned for a maximal response in a given unit did not always give a maximal evoked potential to the gross recording electrode. The evoked potential in the visual cortex appeared at "on" and "off" of illumination and lasted 200 msec or more. The shape of response was biphasic or triphasic depending upon the position of the electrode. When well recorded, such biphasic or triphasic responses were preceded by a wavelet of less than 50 msec duration (Fig. 5) .
In the non-alerted state the evoked potentials in the visual cortex varied in the shape and amplitude from trial to trial so that the superimposed record showed only a vague configuration as illustrated in Fig. 5A . When the alerted state was brought on by non-visual sensory or reticular stimulation, the evoked response gave a more clear-cut superimposed record (Figs. 8B and C, and 5B and C). The amplitude of the evoked potential was abated in the alerted state in some animals (Figs. 3 and 4 ) but almost unaltered in others (Fig. 5) . However, the reduction of variability in the cortical evoked potential was the constantly observ able finding throughout the experiment. This finding is in line with the finding on the behavior of cortical neurons.
DISCUSSION
The most important finding obtained in the present experiment was that the fluctuation of responsiveness of the LGD or optic radiation units was reduced by reticular activation. The control data taken before and after reticular activation experiments leave no doubt that the observed difference in response stability of the LGD neuron between the alerted and non-alerted states is not assignable to the effect of retinal adpatation. In line with the finding at the unitary level the evoked potentials in the LGD elicited by localized visual stimuli were also more stable in latency, duration and amplitude in the alerted state than in the non alerted state. Thus, these findings at the LGD level are incompatible with those of Hernandez-Peon and co-workers.19) They reported that the photically evoked responses in the OT and LGD were reduced in amplitude during attentive behavior elicited by electrical stimulation of the mesencephalic RF. Therefore, discussion must be focused on discrepancies between the two results . These discrepancies might be ascribed to differences in experimental conditions. The present experiment was performed on the restrained cats immobilized with Flaxedil while Hernandez-Peon and co-workers used unrestrained and freely movable animals. Although the animal was restrained in the present experiment, its EEG assumed a pattern of 7-9 c/s and fairly high voltage in the control or non-alerted state. Such an EEG pattern is comparable with that of resting state of the unrestrained and freely moving cat described by Horn.20) It should be considered whether or not one is allowed to draw a conclusion of inhibition from the observed reduction in the amplitude of the photically evoked response in the visual pathway. Horn20) has challenged the view of Hernandez Peon and co-workers") on inhibition during attention . A cat whose atten tion is attracted to a non-visual sensory stimulus may attend by looking towards the source of the non-visual stimulus. In other words , in searching for a novel stimulus the cat could well use the sensory modality which, according to the view of Hernandez-Peon and co-workers, should be inhibited by the novel stimulus. The results in the present experiment support the possibility suggested by Horn; when a novel non-visual sensory stimulus is given the function of the LGD to transmit visual messages from the retina to the cortex is set at the highest level of reliability.
Naquet et al. 28 ) and Fernandez-Guardiola et al. 13 ) have shown in the experiments carried out on intact animals in which the pupillary activity has been preserved that the concomitant variations in the pupillary size influence the amount of light falling on the retina and thus lead to misinterpretation of the process of transmission in the visual pathway. On the basis of the experiment on the loosely restrained rabbits in which the physical condition of the eye to photic stimuli was carefully controlled , Fuster and Docter16) reported that no difference in the evoked potential in the LGD was observed between the control conditions and reticular activation.
Also in the present experiment the size of the pupil remained constant in both the control and the reticular activation experiments . As to the amplitude of evoked LGD responses , no remarkable difference could be observed between the alerted and non-alerted states , as in the experiment by Fuster and Docter; but a striking difference was observed in the variability of response. The visual stimulus used in the present experiment was 0 .5•‹ in visual angle, 0.5 sec in duration, and only about 16-32 times the threshould intensity, whereas that employed by Fuster and Docter was a strong brief flash light produced by a strobe lamp. Such a strong flash of light might elicit a vigorous, eing less affected by accidental interference from the other sources. This conclu sion is in accordance with the findings of the behavioral study that reticular stimulation facilitates perceptual processes. 14,26) In the present experiment the heightened stability of transmission in the visual pathway and the EEG arousal occurred concurrently. This need not imply that there is any casual relation between the two phenomena; under special conditions one may occur indepen dently of the other, as pointed out by Dumont and Dell12) and Armengol et al .4) SUMMARY Transmission of sensory messages under reticular activation was investigated at the three levels of the visual pathway in locally anesthetized cats , immobilized with Flaxedil, using as indicators unitary and mass responses to localized visual stimuli. The degree of alertness was judged by the EEG recorded from the visual cortex and pupillary size of one intact eye. Non-visual sensory stimuli or electrical stimuli applied to the mesencephalic reticular formation served as alerting stimuli.
1. Radiation units were identified by the shape of spikes and discharge pattern as well as the latency of response to electrical stimulation of the optic tract or optic radiation and refractory period . These units were classified into "on" and "off" type units i n the dark-adapted state. They showed the background discharge of 10-20/sec in the non-alerted state and increased their discharge rate in the alerted state. A response increase in discharge rate fluctuated remark ably in a series of trials with constant stimuli in the non-alerted state , but the fluctuation decreased definitely in the alerted state. 2. The photically evoked potential in the lateral geniculate which varied in the shape and amplitude in the non-alerted state showed a reduction of fluctua tion in the alerted state.
3. In optic tract units no such difference as observed in the radiation units could be found between the non-alerted and alerted states .
4 . Most visual cortical neurons were facilitated by reticular activation to respond intensively and regularly to repeated presentation of visual stimuli . Inhibition also was observed in one unit.
5. The photically evoked potential in the visual area was more stable in the shape and amplitude under the alerted than non-alerted conditions .
6. From the results described above it was concluded that the effect of reticular activation is to increase the regularity of response above the lateral geniculate level.
In other words, the reliability of information is increased under reticular activation.
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